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1 Introduction

1.1 Overview

The NSW Department of Climate Change, Energy, the Environment and Water’s (NSW DCCEEW)
surface water models provide accurate and reliable information to support water management and
ensure state water security.

Our models inform policy, support strategy development and are used in the creation and revision of
water sharing plans. They also help us to determine if water users are complying with sustainable
diversion limits (SDL), and to calculate long-term average annual extraction limits (LTAAEL).

We model the behaviour of water in both regulated and unregulated river systems, including:
runoff generation and river system inflows
river and channel flow routing

public and private water storage operation

diversions for town water supply and other consumption

f
1
f
1 irrigation
f
1 wetland and environmental flows and requirements
1

interactions between groundwater and surface water.

1.2 Purpose of the guidelines

Modelling practice evolves over time as more data and new methods become available. These
guidelines are a general reference for river system modelling, and have been designed to promote a
consistent, robust and defensible approach to building effective, fit-for-purpose river system
models in the department.

They also help us ensure that:
1 the models we build are as sound as possible given the available time, staff, and data

1 our processes can be understood by others with appropriate hydrologic and water management
expertise

1 ourreporting is comprehensive - and comprehensible.

In addition, they assist independent reviewers of assess and provide feedback on our modelling
reports.

Please note - these guidelines are designed for those who already have some knowledge of
hydrological modelling and the Australian legislative context. For a simpler description of what we
do and why we do it, please refer to the surface and river water modelling section of our website.
Both the website’s description of our processes and these guidelines have been designed to
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increase transparency and accountability, and to help build public trust in modelling results and
policy outcomes.

1.3 How to use the guidelines

These guidelines have been created as a reference for the Department’s surface water hydrologists
to manage model build projects. They provide information on the following:

model build project management
planning and conceptualising the model

auditing, compiling, reviewing and documenting data

model testing and calibration

1
il
1
1 building components, sub-models and the full system model
il
1 reporting and review

f

publication of reports and results.

However, the guidelines are not exhaustive. Modelling river systems requires a nuanced approach
that responds to the individual river-system context. For more detailed guidance on issues that may
be relevant to the system you are working on, discuss the issue with your manager and colleagues.
They can refer you to other resources (e.g., our team'’s internal working notes), as well as to others
with specialised knowledge.

1.4 Community of practice

Our team actively engages with a wider water modelling community of practice.

We have worked with CSIRO, the Murray Darling Basin Authority, and with the Queensland, ACT,
Victorian and South Australian government hydrologists to develop the Australian Modelling
Practice Notes. These provide detailed advice on Source (the national modelling platform) to help
ensure that modelling of the Murray Darling Basin (and other river systems) is consistent,
transparent, and effective.

The practice notes are published by the Murray-Darling Basin Authority to promote collaboration
between different organisations and be easily updatable. They are designed specifically for
professional hydrologists to share ideas and tips about the software, contributing to further
development of Source. In general, our team adopts components of the Australian Modelling
Practice Notes where they are suitable for our needs. We also prefer to align with them as the
default approach for our model builds.
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Determine
model purpose

Engage with
stakeholders

Purpose(s) determined

Create the project

Scope the model plan

build

Apply project Engage with
governance stakeholders

Figure 1. Developing a model - the first steps. Stakeholder engagement is crucial in ensuring that the models we build will
suit their needs.

2 Developing a model - first steps

Step 1 - Engage with stakeholders

When we build a model, we need to understand how the model will be used and what information is
likely to be most useful. This is dependent on the context of the system we are tasked with
modelling and will affect the scope of the model build.

To ensure confidence in our models and their results, we engage with relevant individuals and
groups, government agencies and non-government organisations. Initially, this includes water
planners and water operators, such as WaterNSW and local water utilities. Targeted engagement
improves our understanding of stakeholder interests, gives us opportunities to answer questions
and provides context for model data. This helps us to better conceptualise the model.

Stakeholder engagement around a model build project is not about tailoring the model to a single
stakeholder’s needs but helps us understand what kind of work the model will need to support in the
future. If the model addresses the most likely future needs, it won’t need to be updated as often,
which conserves our modelling resources.

Step 2 - Determine model purpose(s) and your approach

Reviewing any existing models of the river system and its catchment is a good place to start in
determining your approach. If there are associated scenario models on other platforms, you should
review these too.

The following questions also help us understand and determine the overall scope of the build
project:
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What geographic area are we modelling, and at what resolution? Which features will we
represent?

What system processes are most significant, and will we model any specifically?

What kind of information and outputs do we need from the model? What are the quantities of
interest for output, and are these absolute values or relative to a baseline?

What parts of the system will we represent, and how will we do so? For example, will we
represent irrigators as individuals or groups? What irrigator behaviour should we capture? How
will we model managed environmental actions to apply water to targeted assets?

What kind of scenarios do we foresee we need to model, and what functionality will we need to
represent them?

How will we report the model’s outcomes? Will additional reports be needed, above those
usually created as part of the build process?

The answers you give to the above questions are also important to consider when you create a
model schematic as part of the technical build of the project.

Step 3 - Review design criteria

We apply 7 standard design criteria to our river system models. These are reviewed at the beginning
of a new model-build project. While numbered, these criteria need not be considered sequentially.
The criteria can be modified (and/or additional criteria applied) to ensure we meet specific needs
identified by stakeholders.

At minimum, a model’s design should:

1.

NSW surface water modelling guidelines

represent critical physical and management processes that affect water availability and sharing
in the system - this ensures our model captures spatial and temporal variations in availability,
demand patterns and volumes, and water management practices. We document the assumptions
we make when building the model, and any potential impact they may have on results.

describe the water balance - all modelled inflows, outflows, and stored water changes should
‘balance’ across all spatial and temporal scales. Water should not appear in - or disappear from -
the modelled system without evident reason.

be applicable over climatically variable periods - the model should produce meaningful
responses to the climate conditions likely within the system. We aim to build models that are
suitable for scenario modelling and that represent the effects of climate on the performance of
rules and infrastructure.

generate results for specific locations, river reaches and the river system as a whole - the model
must simulate processes at a resolution that allows us to check its performance and report
behaviour locally, and across the river system.

allow reporting across daily-annual timescales - the model must simulate daily processes to
represent flow variability at a resolution useful for ecosystem processes, water management
rules, water access needs (e.g., irrigator access to high flows) and other statutory reporting
requirements.



6. capture seasonal water use at reach and valley scales - the model must support the department
to meet statutory requirements, including annual permitted take assessments for Murray Darling
Basin Plan reporting. It must also be able to simulate annual water use under a range of climatic
conditions.

7. be updateable and extensible - we must be able to update and expand the model as better data
and methods become available.

Step 4 - Scope the build project

To ensure we build a system model that is as useful as possible for both water policy makers and
other catchment stakeholders, we scope the project. Most of our models aim to replicate current
conditions, but additional scenarios and deliverables might be identified over the course of the
project.

Scoping includes:

1 outlining the model’s purpose(s) and objectives
1 deciding how the model will be used

1 choosing a modelling method

1 determining the project’s deliverables.

Once this has been completed, team resources are identified. This is then used to estimate the
funding and time required.

Documenting deliverables at the start allows us to better illustrate the resource impact of any
change in requirements during the project and make a case for additional resources.

Step 5 - Create a project plan

The scoping work forms the basis to create a project plan. We use the Department’s model build
template, and customise it as needed.

The template can be used to guide project work scheduling, and to set timeframes for major
milestones. The project plan should describe when and how project communication happens.
Schedule any regular project team meetings, and delegate roles and responsibilities.

The number of project roles you assign will depend on the size and complexity of the model build.
Project teams must include a system lead/senior modeller to provide technical modelling expertise
and a project manager to ensure it runs efficiently. Junior modellers and other roles may be assigned
if available and required - or they can be assigned later in the project if needed.

An Expert Reference Group (ERG) is also established at the beginning of the project.

You may need to revisit and modify the project plan later - for example, if you determine there is
insufficient data or resources available to produce necessary outputs or to meet the project
objectives. If this happens, the project plan is to be updated to reflect the changes.

NSW surface water modelling guidelines 9



Step 6 - Apply project governance principles

Project management framework

Model builds are funded projects, so we follow NSW DCCEEW'’s project management framework to
ensure we are accountable for our actions, mitigate risks, escalate issues and align builds with our
legal obligations.

Documentation

As expected, the documents we use as part of a model build are used by team members in BAU.
However, they may also need to be accessed for legal proceedings by people who aren’t necessarily
part of the model build team. For this reason, it is vital that you follow strict file naming conventions
so that anyone who needs to can find supporting documents, data and other information.

We create an official record of the project within our internal Content Management (CM) system. All
major records associated with the project are saved to CM in line with legislative requirements.
Supporting records or working materials are stored in separate systems, and indexed in CM.

Models also contain many tens or even hundreds of nodes, and multiple input files and functions.
With the other Murray-Darling Basin water management agencies, we have agreed on naming
conventions for model data, nodes and links, and functions and variables. Use these naming
conventions when you create and document the model and components so that other hydrologists
can navigate the model and operate it.

Project artefacts

Typical project artefacts for a model build project include:

1 alira board for the project, so project elements can be tracked and managed
a Confluence page, where project documentation can be shared

1
1 aConfluence page, where model files can be listed and linked.
1

a software repository that contains the model configuration files.

Available data sources

We access much of the data we use in modelling via the Time Series Management System (TIMS).
TIMS is a repository application that stores and manages primary and secondary time series from
Hydstra, SILO or other sources. TIMS not only holds files, but keeps a record of their use and a
record of previous versions of a file. This allows us to obtain data from Hydstra and SILO in an
automated, standardised way, and to compare the same time series dataset as acquired on different
dates.

Data supplied by systems may vary over time as errors are found and addressed, or assumptions
used in processing improve. The ability to track and record these changes is important to
understanding how the model can be reasonably applied to a given problem. After TIMS processes
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(e.g., gap-filling) are applied to ‘clean’ the data, TIMS files are model-ready, and do not need to be
further processed before being put into a model.

Sources of data commonly used in model builds include:
1 Hydstra: a NSW database that contains a wide range of information used in modelling.

1 SILO: a Queensland government database that provides Australian climate data from 1889 to the
present. It provides free model-ready daily time series data for a range of climate variables with
infilled values for missing data.

91 the Water Access Licence Register (WAL): the NSW Water Access Licence Register provides
information about water licences and their conditions, water allocations, environmental water
and floodplain plans, and water trading statistics.

1 SDT Explorer: NSW Spatial Services provides this searchable map service.

1 CAIRO or CARMS Lite: these tools, maintained by WaterNSW, support river operations decisions,
such as daily storage release volume determinations, by integrating real-time and modelled flow
scenario information.

1 Available Water Determinations (AWDs): as presently issued by the Allocations team within the
Water Group of NSW DCCEEW.

[t's important to always document any identified data sources for the model in the project plan. Create
a data log to record what data is used in the build, and where it is stored. If more data is requested
to support the model build or as part of the peer review process, record it in the log when it's
received. Further, ensure to locate any existing system maps, or identify and request any further
data needed to map the system effectively.

You will need to more completely examine collected data and assess its value during model
conceptualisation.

3 Developing a model - the technical
process

(1) Model (2) Create a (3) Audit and
conceptualisation schematic assemble data
(4) Build model (5) Assemble the full

6) Calibration
components system model (AL

Figure 2. Model build process workflow. Each process is outlined in detail over the coming pages.
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3.1 Stage1- Conceptualise the model

The complex hydrological processes of a river system are influenced by many factors. Before
building the model, we need to create a ‘blueprint’ to guide our approach. To do this, we develop a
conceptualisation of the system that reflects the river as we define it for modelling. Conceptualising
the river system helps us see where we might need to simplify elements due to data limitations, or
where we can safely make assumptions about system behaviour. It also helps us ensure the model is
as simple as possible while also meeting identified needs.

The conceptualisation:

91 defines the system’s boundaries

sets out the system’s key features, inputs and outputs
incorporates key biophysical and management components

describes how key elements are related or connected

= =4 =4 =2

reflects relevant water management rules and regulation, such as licencing and water sharing
plans (WSPs)

1 determines what modelling methods and data will be needed/used.

Importantly, conceptualisation is not a one-off process. By necessity, conceptualisation is
reviewed as the project progresses and considers both the nuances of data quality and the
practicalities of staff resourcing constraints. When conceptualising the river system, the hydrologist
will need to balance the level of detail required with the time, staff and data that they have
available.

Broadly speaking, our models represent the system by simulating:

1 headwaters, representing the river system upstream of the most upstream flow gauges of
interest. Headwater representation includes rainfall runoff from the headwater catchment into
the system

1 reaches, which represent a stretch of the river between two flow gauges. Reach representation
may include streamflow, as well as runoff from the reach catchment

1 storages, which represent the physical characteristics of system dams and weirs. Storage
volumes represent both inflow from reaches and runoff inflow from the storage catchment

1 demands, such as town water supply, irrigation, industry, stock and domestic and environmental
flows

1 diversions, which represent water extracted from the river to meet demands.

The model conceptualisation maps these components and reflects the model’s spatial and temporal
scale. It outlines our understanding of how each component works and how components interact.
For more information on how we build individual model components before assembling them into
the full model see Stage 4 - Build model components.

We then turn our conceptualisation of the system into a schematic we can follow to build the model.

NSW surface water modelling guidelines 12



3.1.1  Choosing sub-models

Sub-model choice will be constrained by data and resource availability. The river system model will
include sub-models of system components, such as:

9 rainfall-runoff models (to convert rainfall into runoff entering the system)
1 reach-routing models

1 demand models

1 storage models (to simulate how stored water is managed).

Elements to be modelled are determined during model conceptualisation. Consider available data,
the system’s physical characteristics and the kinds of outputs needed.

3.1.1.1 Rainfall-runoff sub-models

All rainfall runoff inflows are an important element of system flow, so we model them using rainfall-
runoff models. A rainfall-runoff model simulates how rainfall across a catchment area becomes
runoff, and estimates runoff inflows into the system. Many kinds of rainfall-runoff models are used
in research and industry. We have used the Sacramento rainfall-runoff modelling application in NSW
water modelling since the early 1990s. Sacramento is a continuous rainfall-runoff model that uses
daily rainfall and potential evapotranspiration data to model runoff into the system.

We usually calibrate rainfall-runoff sub-models using a utility program called Fors, which was
originally developed by the QLD Government, rather than calibrating directly in Source. Sacramento
is provided within Queensland’s Fors model.

Rainfall components are described as follows:

1 Rainfall in a system catchment runs off into the river or a tributary, either directly from the
surface or indirectly after infiltrating soil. The rainfall runoff that flows into the system above
the highest system flow gauge is accounted for in a headwater component.

1 Ifrain falls on a catchment associated with a reach and flows runs off into that reach, it is
accounted for as residual inflow.

1 Rain that falls onto a dam catchment and runs off into the dam, or falls on the surface of a dam,
is accounted for as storage inflow.

3.1.1.2 Irrigated crop-demand sub-models

Demand for system water to irrigate crops can be a significant part of a reach’s water balance in
some river systems. Water for irrigation may be pumped from rivers, groundwater, rainfall-runoff
harvesting or floodwater. To understand crop demand for water, we must model on-farm inflows and
outflows (either individually or as an aggregate). The complexity of crop-demand modelling depends
on where the irrigator is located and what water sources are available.

Source’s Irrigator Demand Model — SRG (the irrigator model) is based on other demand models used
in Murray-Darling Basin modelling. The irrigator model should be used in preference to other crop-
demand models.

Irrigated crop demand modelling uses a variety of observed data for calibration, such as:

1 planted areas and crop types
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f
f
f

local rainfall and potential evapotranspiration
farm infrastructure

diversions.

To decide the best approach to reach irrigation demand sub-modelling, first examine irrigator
behaviour on the specific river reach:

il

If the irrigator stores floodwater for irrigation, model irrigation diversions for each
irrigator/farm and develop an estimate of total diversions before calibrating the model.

If the irrigator does not store floodwater for irrigation but is part of an irrigation district (such
as the Murrumbidgee Irrigation District), include the district in reach conceptualisation and
calibrate the irrigation demand model to observed diversions.

If the irrigator does not store floodwater for irrigation and is not part of an irrigation district,
but does irrigate in a similar way to other non-district irrigators on the reach, model all non-
district irrigators on the reach in aggregate. Calibrate the irrigation demand model to observed
diversions.

If the irrigator does not store floodwater for irrigation and is not part of an irrigation district
but doesn’t irrigate in a similar way to other irrigators on the reach, determine how many
aggregate irrigation demand models are needed to represent the range of irrigation behaviours.
Calibrate the irrigation demand models to observed diversions.

Figure 3 below illustrates the irrigation demand sub-modelling decision-making process.

Representation of irrigation
demands using crop models

1
Do any
irrigated farms in
the reach store water from No
floodwaters for l
irrigation?
Yes Are any farms in

No. the reach part of an
irrifgation district?

Do all non-district
irrigation farms behave in a No

similar way? Yes
Yes

Decide on the number of
{ lumped irrigation models Include the district in the reach
required to represent different conceptualisation. Calibrate to
\ behaviours. Calibrate to / observed diversions.
observed diversions.

Model irrigation diversions
from individual farms. Develop
an estimate of total diversions
prior to calibration.

Model irrigation diversions
from individual farms. Develop
an estimate of total diversions
prior to calibration

Figure 3. Decision tree for representing irrigation demands using crop models.
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3.2 Stage 2 - Create a model schematic

Once the model has been conceptualised, we create a Source node-link diagram (schematic) to
reflect that conceptualisation.

The schematic describes inflows and outflows across the model’s boundaries and maps water
consumption within the system. It can also be updated and/or more detail added during the build
process if needed.

The node-link diagram allows us to review:

1 the extent of the modelled catchment

1 resolution of rainfall-runoff models

1 grouping of irrigators for irrigation and demand sub-models
1

data collection points such as flow gauges used for calibration.

3.21 How node-link diagrams work

In Source node-link diagrams, nodes represent:

1 awater source or supply, including inflows or storage

1 awater user or demand, including for irrigation, town water, industry or the environment
1 areporting point, such as a gauge or environmental asset.

Source nodes may represent a physical reporting location or, if aggregated, a more geographically
widespread process. Most of our Source models aggregate processes to some extent.
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Figure 4 Example node-link diagram, showing regulated and unregulated reaches of a river system.

NSW surface water modelling guidelines

15



By contrast, links represent physical or logical connections between nodes, where either water
passes between nodes, or where calculations are performed that ‘link’ the different parts of the
model together so that they function as a coherent system. They can also represent reach
processes such as net evaporation.

3.2.2 Steps to take when creating a schematic
1. Begin by outlining the model’s spatial/geographic extent.

2. Next, map all flow gauges in the catchment onto a channel network, so you can see how much of
the system is covered by the gauge network, and determine calibration points. You can map the
flow gauges to the channel network using spatial data software such as ArcGIS, MaplInfo
Professional or QGIS.

3. Finally, decide on your modelling resolution. Refer to catchment maps when considering what
degree of aggregation will apply to inflows or irrigation demands, and ask stakeholders or
people who have detailed knowledge of the catchment for information. River operators can tell
you which tributaries are important to their operations; water planners and managers can tell
you which creeks and rivers they consider when making decisions. When you decide on the
modelling resolution, consider the system’s physical characteristics and what outputs you need
from the model.

Your node-link diagram should detail the locations of:
inflows
routing links

breakouts and returns

transmission losses and surface water-groundwater interactions, if relevant

il

il

il

1 known losses, such as net evaporation

1

1 consumptive demands such as irrigation, town water supplies and industry
1

environmental demands.

Make sure to include details of how you will represent demands when calibrating and when the
model is run.

Nodes and links for model components can be associated with sub-models of various processes.
Each Source node and link type offers specific associated processes/sub-models, that can be
configured and activated or deactivated as needed. Some of these associated process sub-models
can be run simultaneously, while some can only be activated if no other associated sub-model is
active. For example, multiple-demand sub-models can be associated with a water-user node, but
only one of these can be activated at a time. In contrast, a storage-routing link might be associated
with storage routing, time series flux, groundwater interaction and other sub-models that can all be
activated concurrently.

Save the model schematic as a project record and link to it from the project plan.
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3.3 Stage 3 - Audit and assemble data, and address gaps

Generally, data to explain components of river system inflows and outflows are limited and may not
cover the full range of system conditions. For example, the available flow record may not fully
represent climate variability, or there may be diversions like floodplain harvesting that must be
estimated because they cannot be metered. Once you have a basic conceptualisation of the planned
model, audit the available system data you can use to build it.

Focus on identifying:

1 the kind of data that is available, and its extent
1 locations where data is held

1 any data gaps.

Then, gather and assess the following:

1 existing studies and literature

1 climate, hydrologic and water management data

1 regulatory or planning requirements, such as those in a water sharing plan.

3.3.1 Spatial data

Spatial data are used to model the physical characteristics of a river system, or components thereof.
Spatial data to be considered includes:

91 cadastral and land use information, including areas under irrigation at different times

1 the location of rainfall and river gauges (via Hydstra)

91 the locations of licensed extraction points via WaterNSW’s Water Licensing System (WLS)
1

the locations of key environmental features, such as wetlands, which receive environmental
water

91 the information on the extent of flood inundation via Water Observations from Space (WOfS).

3.3.2 Time-series data

Time-series data are the key input for modelling hydrological processes. The data to be considered
includes:

1 meteorological data, including rainfall and potential evapotranspiration (point or gridded)
1 river flow data
1 metered diversions.

Most of the data we need to build models is available from corporate databases or water agencies.
However, consider other sources of information such as stakeholders or experienced hydrologists
(making sure you check the accuracy of data from such sources).

Identify existing catchment maps you can use to assess the geography of the catchment. This might
include base maps of the catchment showing the location of historical and current gauges.
Catchment boundary data help us understand the spatial relationships of the key system water
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balance components that inform the model’s geometry. The catchment boundary of the system
provides context for the full model, while the boundaries of inflow catchments describe areas for
runoff estimation. For example, catchment boundaries help us understand:

1 where climate data is collected, relative to flow data and crop-demand data
1 how river length affects flow routing

1 the location of extraction points and environmental assets, relative to where flow is measured.

3.3.3 Climate and flow data

Climate data (rainfall and evaporation) are the two largest elements of water balance in a catchment
and are critical to estimating the water balance. In modelling, we use rainfall and evaporation data
(Table 1) to estimate inflows, storage water balances, and water demands. Using the same source of
climate data across models allows the models and their results to be more easily understood.

Table 1. How we use climate data in models.

Source/data type Use ‘

SILO patched-point rainfall data Rainfall runoff modelling

Net evaporation of routing links, storages, weirs
and wetlands

Crop modelling

SILO patched-point MLake Net evaporation of routing links, storages, weirs
evapotranspiration data and wetlands
SILO patched point MWet Rainfall-runoff modelling

evapotranspiration data

SILO patched point FAO56 Crop modelling
evapotranspiration data

3.3.4 Rainfall data

The Bureau of Meteorology (BoM) collects rainfall station data. This rainfall data is available as raw
data from the station, or from SILO as a patch-point dataset (one where gaps in recorded
observations have been infilled with estimated data). We use only SILO data.

3.3.4.1 Quality assurance
Rainfall data quality should be visually checked for obvious errors. Review individual stations by:
1 creating a double mass curve with an adjacent rainfall station or stations to identify trends

1 testing the data for any bias that might arise from infilling data gaps. If you identify a trend in the
patched-point data, investigate it.

1 calculating the mean annual rainfall for infilled datasets, and viewing cumulative and residual
mass curves to check the data
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1 plotting the data or review quality codes to check for data gaps

1 using gridded data to cross-check spatial variability. You may also be able to use it to calculate
mean catchment data. It might not be appropriate to use gridded data in some models due to
spatial variations, station density, and rainfall surface interpolation

1 checking the selected station against gauged flow data, such as average annual rainfall-runoff
ratios at major gauges, to determine if there are any mass balance anomalies

1 undertaking preliminary rainfall-runoff modelling to determine whether runoff characteristics
fall within expected limits.

Choose a set of long-term rainfall stations that give suitable coverage of the catchment you wish to
model. Consider both spatial coverage and whether the stations adequately represent different
rainfall zones, such as uplands and lowlands. Where possible, you should use operational stations,
but if a closed station would significantly improve the model consider adding it to the set. This will
depend on how the rainfall-runoff model will be used

The number of gauges used is important. The more stations you use, the wider the probability
distribution function of the rainfall input will be; unless you happen to find two rainfall sites that are
perfectly correlated. As you add stations, the number of “rain days” increases and the more
responses you will get from your rainfall runoff model.

Review the quality codes for data from the selected gauges for the full period of data extracted.
Check the quality of infilled data - for example, create a double mass curve using annual totals and
annual daily value variance to ensure there are no shifts in the dataset due to changes at the gauge
or poor infilling of the patch-points with interpolated data. Compare the double mass curve with a
nearby rain gauge with the longest possible observation record, or to the average of a group of
gauges nearby.

If the double mass curve shows sharp relationship shifts, review the effects of infilling. Where shifts
are due to a change at the gauge, such as a relocation during the period of record, you may need to
choose another gauge.

3.3.5 Potential evapotranspiration data

SILO is our main source of potential evapotranspiration (PET) data. SILO patch-point data is ready
for use in the model as extracted, and does not require further processing. PET sources are listed as
follows:

91 for crop and urban demand modelling, we use FAO56 evaporation data

9 for rainfall-runoff modelling, Morton Wet (MWet) data (preferably from sites where the variables
used to calculate evapotranspiration are available) is best

1 for open-water evaporation modelling (e.g., for routing links, storages such as dams and weirs,
and wetlands), Morton Lake (MLake) data is best.

Modelled data, including Morton and Penman Monteith/FAO86, are more reliable than pan data; the
use of pan data should be considered as a reference, and not preferentially used.
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Period of recording

1910-1918 | 1920-1928 | 1930-1939 | 1940-1849 1960-1968 | 1970-1579 | 1980-1989 | 1990-1998 | 2000-2009 | 2010-2019

203900 (1969 to 2019)
203045 (1984 1o 2019)
203044 (1083 1o 2019)
203041 (1972 to 2019)
203038 (1972 10 2019)
2OI03E (1072 1o 1979)
203035 (1071 Lo 2019)
203034 (1970 to 2019)
20303 (1970 o 1984)
P00 (1960 to 2019)
203028 (1960 1o 1985)
203037 (1960 10 2019)
203028 (1969 o 1985]
P24 (1960 fo 2019)
POIFZ (1967 1o 2019)
FOI018 (1967 10 2018)
203015 (1957 to 1985)
203014 (1957 o 2019)
203013 (1952 1o 2019)
F03012 (1951 10 2019)
203010 (1951 to 2019)
203008 (1951 to 1985)
203007 (1847 1o 1985)
203008 (1943 to 1985)
203005 (1943 o 2019)
203004 (1943 o 2019)
P03002 (1920 1o 2019)

Gauging Station (Year Commenced to Year Ceased)

N More than 80% of data avallable In a year 20t BO% of data avalable inayear I Less than 20% of data avallable in & year

Figure 5. A bar chart showing available flow gauge data and data quality represents a useful initial analysis.

3.3.6 Flow data

Flow data are essential to building a river model. NSW flow data are managed by WaterNSW - the
agency that collects it. We source flow data for all stream gauging stations from the WaterNSW
Hydstra database. Data related to these gauging stations includes:

1 river levels - continuous, widespread river-level data is available from the mid-1970s, and is
converted to river flow where a rating curve is available

9 daily flow volumes - from the 1850s onwards (in some cases)

1 stage-discharge curve (rating curve) - showing the relationship between water level at a gauge
(stage) and flow (discharge) rates

1 cross-section profiles.

The BoM also keeps flow records for flood alerts, which can be useful if data for high flow events is
missing. Manly Hydraulics Laboratory maintain water level records for gauges along the NSW coast.
Site summary reports are available for most gauges, and these can help us understand the gauge’s
history and the quality of data collected there.

Gauge data may have gaps for reasons including gauge failure, maintenance, etc. Missing gauge
data should be infilled to provide a complete record for modelling headwaters. A rainfall-runoff
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model is most commonly used for this purpose, however, other methods are suitable in specific
cases.

Gauges with low-quality flow data or that have only recorded data for short periods may still be
useful for calibrating the model. For example, short-period data may help define effluent
relationships. Gauges with poor ratings for low flows might still be useful for ephemeral streams.

Typically, the order of accuracy for NSW flow data is:
1 >25% for extreme low flows
1 10% for good natural controls for medium flows, and 5-7% for structures

1 Variable- high uncertainty for high or out-of-bank flows (because of the effect of extrapolated
data on the rating curve).

3.3.6.1 Flow data quality assurance - further considerations and the assessment
process

Where it is possible, you should speak with the hydrographers responsible for the gauge or relevant
river reach, and compare both the upstream and downstream gauges.

It's important to note that the location of river gauges, and the instruments used to record flow data,
often vary across longer periods of record. Early data may have been captured by Bristol recorders
or daily staff gauging. Mean daily flow levels recorded from the 1850s to the 1940s mostly consist
of a single 9am reading. From the advent of recording devices in the 1950s, some daily flows have
been calculated from midnight to midnight and recorded for the next day or may be 9am to Qam.
This may mean that the flow recorded against 5 June is actually the flow that occurred on 4 June.
For this reason, you must take care when comparing different data sources.

It is also possible to use certain data (coded 100 to 151) from the NSW Hydstra database to obtain
9am flow readings. However, widespread continuous data is only available from the 1970s onwards,
which reduces the amount of data available for analysis. You should calibrate the model to periods
of more accurate flow records, then assess how well the model performs during other periods. For
example, a model may overestimate flows by comparison with recorded daily staff gauge readings.
Models are likely to show a smoother recession curve compared to actual records of Bristol flow
meter gaugings (Podger, 2004).

River heights can be recorded manually or with an automatic field instrument or via a ‘continuous
logger’. Continuous loggers usually provide more accurate data, especially where flow changes
rapidly, as data can be integrated to provide a daily total. However, continuous loggers can become
‘stuck’. This appears in a dataset as an unusually long period of one flow rate followed by a step
change after servicing.

At high flows, small changes in height can result in large flow changes. However, some recording
equipment may not measure small height changes accurately. This means that where flow is very
sensitive to height changes, there can be large flow uncertainty.

To assess the quality of flow data, a typical review of data from individual gauges occurs as follows:
1. Check the gauge summary for known issues

2. Determine whether heights are measured automatically or manually
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3. Evaluate the quality of the rating curve. Do large changes between successive rating curves
indicate unstable ratings? Are there few gaugings?

4. Compare data between gauges up- and downstream to ensure reasonable loss or gain patterns

Subtract monthly upstream totals from downstream totals to see if there are any negative
results or significant pattern differences

6. Use a double mass curve or cumulative scatter plot to check whether data collected at nearby
gauges is consistent over time

7. Check for flow regime outliers. Compare the general shape of daily flow durations plots to up-
and downstream gauges, or surrounding catchments over time.

3.3.7 Rating curves

To convert a recorded height to flow, we must first create a rating curve to represent the stage-
discharge relationship. If the rating curve does not extend to high flows, data can be extrapolated.
However, extrapolations are prone to error, which increases uncertainty. Other factors that can
increase the rating curve’s uncertainty include:

1 backwater effects (when there is a reversal of flow from a main channel to tributaries)
91 variable ratings for the curve’s rising and falling limbs
71 rating shifts caused by channel and flow control changes.

When data is converted from a water level record, the rating curve for the relevant period is applied.
Hydrographers update rating curves if enough new ratings indicate a shift. The standard practice is
to determine when the shift occurred (e.g. during a flow event) and apply a new rating curve to that
time period. If new flow ratings are taken at a greater height than before, the new high-flow rating
can be applied to previous rating curves where suitable. You should check for changes in rating
curves over time as part of understanding the quality of the flow record you are working with.

Some gauges have an estimated rating curve for converting water level to flow, rather than one
based on field gauging. Flow data from such gauges is less reliable than from gauges where the
rating curve has been developed from field measurements.

Table 2. An example of how flow data are used in modelling

Gauge Characteristics of gauge site Typical use in model calibration

classification

Primary 1 A continuous record of good-quality 1 Used as model inputs
gauge sites data during the calibration period 1 Used to calibrate rainfall-runoff
1 High confidence in the quality of the models
data

1 Used to define the reaches for
flow calibration and set flow
boundary conditions

1 Used to calibrate the mass
balance for the reach
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Gauge Characteristics of gauge site Typical use in model calibration

classification

1 May be used to determine
residual inflows and reach losses

Secondary 1 Has a short period of record during 1 Used to verify reach storage
gauge sites the calibration period (routing relationships) through
analysis of the relationship

1 Record is not continuous .
between flow and travel time

1 Used to help define effluent
relationships

1 Some secondary sites may be
used for rainfall runoff modelling
if required.

Tertiary 1 Very short periods of data, known 1 Not used in calibration
gauge sites issues with ratings

3.3.8 Infilling and extending flow data

Our river system models run from 1895 to the present day. The models require complete (gap-free)
inflow records for the full simulation period. If observed flow data does not cover the full model
simulation period, it must be infilled and/or extended.

You may infill or extend using statistical or empirical techniques, or rainfall-runoff modelling.

Small data gaps can be infilled using interpolation; longer gaps are better infilled or extended using
rainfall-runoff modelling.

Scenario flow data can be infilled using:

91 rainfall-runoff modelling

1 monthly regression relationships, disaggregated using daily flow patterns
1 monthly flows disaggregated using flow patterns from nearby gauges

1 mean monthly patterns.

Before you infill or extend the dataset, review the data quality by:

1 checking quality codes and metadata
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1 graphing the data and checking for unusual patterns

1 using double mass curves between a gauge and a reference gauge (or the total of a group of
adjacent gauges) to identify any unusual trends.

3.3.9 Audit report and data compilation

Create a data collation and review report documenting the results of your audit and investigations.
Compile the data to be used in the model in TIMS before the build begins.
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3.4 Stage 4 - Build model components

To build a model, we assemble data components into a representation of the river system and its
relationships in line with the model schematic.

Building a model is a staged process. We must calibrate individual water balance elements,
assemble them to represent the river system and its relationships, and then integrate the processes
that represent how those elements interact.

Each component is built or modelled in a logical order, progressively replacing observations with
simulated estimations. When the model is complete, headwater and tributary inflows and climate-
driver data will be the only observational data remaining.

Build stages are determined by the complexity of the river system modelled. Regulated rivers are
more complex to model than unregulated rivers. The primary components of a model build are
described below - noting that not all river systems include all components, and each model must be
tailored to individual systems.

3.4.1 Headwaters, and the process of headwater conceptualisation

Runoff from rainfall and other precipitation (and/or springs and aquifers) come together at
headwaters to form the initial streamflow of a river or creek. In our conceptualisation of a river
system model, headwaters are the parts of the catchment upstream of the most upstream flow
gauge in the model.

Model headwater components are built using spatial, temporal and storage data, such as:
1 catchment maps and topographic data

91 flow (river gauge) data

1 rainfall and evaporation data

91 derived storage inflow calculations.

Although a headwater’s geophysical characteristics and land use affect both the quantity and
quality of water in the system, our models are concerned with representing volume and rate of river
flow only. The main inputs for our headwater modelling are therefore climate data, such as rainfall
and evaporation, and catchment area data.

Our larger river system models often require multiple headwater components. These components
will include nodes to represent rainfall-runoff inflow and derived storage inflows.
3.4.1.1 Supporting data for headwater conceptualisation

Time series data are used in modelling headwaters and are key to calibrating rainfall-runoff models
and simulating hydrological processes.

Relevant data includes river gauge flow data, rainfall data and evaporation data.

Rainfall data for headwater components can be sourced from SILO. Daily rainfall data is usually
reported from 9am to Qam. Bureau of Meteorology evaporation data is also available from SILO for
selected sites.
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There are extensive topographic datasets for NSW we can draw on to understand catchment
characteristics. Spatial data helps us model the physical characteristics of the headwater
components and calibrate rainfall-runoff models. Spatial data can:

f
f
f

tell us where climate stations needed for rainfall-runoff modelling are
allow us to calculate areas that drain to gauges or storage

measure stream length between gauges.

When mapping catchments upstream of a gauge, remember gauge location metadata may
sometimes reflect the location of a property, rather than that of the actual gauge.

3.4.1.2 Headwater data checklist

We typically follow this checklist to review the compiled headwater data:

= =4 =4 =4 -4 A -4 A -2

Have all reaches and sub-catchments (stream lengths and areas) been identified?

Have you collected and checked flow data?

Have you collected and checked rainfall data?

Did you use an appropriate method to select rainfall sites, and are those chosen suitable?
Have you collected and checked evaporation data?

Did you use an appropriate method to select evaporation sites, and are those chosen suitable?
Have you identified any data gaps?

Are the available data time periods sufficient to build an accurate model?

Have you applied appropriate naming conventions to saved data files?

3.4.1.3 Headwater calibration

Headwater components can be calibrated manually, or using an automated calibration tool in Fors -
a hydrologic modelling platform we use to calibrate Source models.

e
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